Dextran sodium sulfate (DSS) is a widely used chemical model for inflammatory bowel disease (IBD). It is thought that imbalances in the T helper (Th) cell subsets contribute to IBD. Recent studies suggest that the acute DSS-colitis model is polarized toward a Th1/Th17 profile based on RT-PCR analysis of colonic tissues. In the current study we determined whether colonic Th cells from DSS-colitis mice were skewed toward the Th17 profile. Mice were treated with 5% DSS for 7 days and colonic T cells isolated and examined for production of IFN-γ (Th1 cell), IL-4 (Th2 cell) and IL-17 (Th17 cell) by intracellular flow cytometry. We found that the percentage of colonic Th17 cells were similar to non-treated controls but the percentage of Th1 cells were elevated in DSS-colitis mice. These results suggest that in the acute DSS-colitis model the colonic Th cells exhibit a Th1 profile and not a Th17 profile.
[Immune Network 2011;11(6):416-419] Inflammatory bowel disease (IBD) is defined as a chronic inflammatory disorder of the gastrointestinal tract and is classified as Crohn's disease or ulcerative colitis based on distinct clinical, endoscopic and histopathological features. Multiple studies suggest that microbial, environmental and genetic factors contribute to the pathogenesis of this disorder [reviewed in (1, 2) ]. These factors ultimately culminate in an inappropriate adaptive immune response which perpetuates the chronic intestinal inflammation. Much of our mechanistic understanding of IBD pathogenesis has been extrapolated from studies of animal models (3) . Among these animal model systems, the oral uptake of dextran sodium sulfate (DSS) by mice induces a phenotype similar to ulcerative colitis and is widely used by researchers to study IBD (4) .
DSS damages the colonic epithelial barrier which then exposures the underlying tissues to bacterial flora and results in subsequent inflammation and induction of Th cell responses. The murine DSS-induced colitis model recapitulates many aspects of human IBD such as cytokine dysregulation which is a key feature of IBD pathogenesis (5). This dysregulation is thought to be due to the imbalance of T helper (Th) cell subsets such as T helper 1 (Th1) and T helper 2 (Th2) cells. Crohn's disease is characterized by a Th1 cytokine profile mediated by the cytokines IFN-γ, IL-12 and TNF-α. In contrast, ulcerative colitis is characterized by a Th2 cytokine profile mediated by the cytokines IL-4 and IL-5. However, this simplified classification has been challenged by studies suggesting that Crohn's disease is characterized by the production of IL-17 (6, 7) . In an acute model of DSS-colitis, Alex et al. showed that mice give DSS for 7 days exhibited an increase in IL-12 and IL-17 suggesting an induction of a Th1/Th17 profile (7). However, in this study protein and mRNA samples from whole colonic tissues and serum were analyzed and not Th cells. Therefore, it is unclear if indeed the Th cells were also polarized toward the Th1/ Th17 subset. In this current report, we examined the percentages of Th1/Th2/Th17 cells in the colonic tissues of DSS-treated mice to determine whether the Th cells were polarized to the Th1 and/or Th17 subset.
Six-week-old female C57Bl/6 mice (ORIENT BIO, Korea) were given 5% (w/v) DSS (MW 30,000∼45,000, MP Biochemicals, Solon, OH, USA) in the drinking water and fed ad libitum for 7 days. Control mice received water without DSS. This study was approved by the Institutional Review Board of Yonsei University at Wonju, South Korea. We isolated the colonic lymphocytes and conducted intracellular staining by flow cytometry as previously described (8) . In brief, pooled large intestines (3 mice per group) were minced and enzymatically digested with Liberase TM (Roche, USA) and DNase I (Roche). The lymphocytes were isolated by using a Percoll gradient. Cells were stimulated for 4 hr in vitro in the presence of PMA (30 nM) (Promega, USA), ionomycin (1μM) (Sigma, USA) and GolgiPlug TM (BD Biosciences, USA). Then the cells were washed, fixed and stained for cell surface markers and intracellular cytokines. Cells were analyzed using FACSCalibur (BD Biosciences). Mice administered DSS developed fulminant colitis as determined by hematoxylin and eosin (H&E) staining of the colon (Fig. 1) . In addition, the DSS-treated mice exhibited rectal bleeding, decrease in body weight and shortening of the colon length which are all characteristic features of DSS-colitis (data not shown) (4) . We analyzed the Th cell population (i.e., CD3 (Fig. 2) . Similarly, the percentages of IL-4 producing CD3 ＋ 4 ＋ T cells were comparable in both groups of mice (DSS 2.2% versus control 2.6%). In contrast, the percentages of IFN-γ producing CD3 ＋ 4 ＋ T cells were increased two-fold in the DSS-treated group compared to the control group (DSS 12.1% versus control 5.6%). These results indicate that in the acute DSS-colitis model the Th cells exhibit a predominantly Th1 profile.
Ostensibly these results appear in conflict with several re-cent studies that were published during the preparation of this manuscript (9-12). The results from these studies suggest that the DSS colitis model is Th1/Th17 polarizing. The aforementioned studies differ from our study in that the mouse strains used, DSS dose and DSS administration times are different. Studies have demonstrated that the DSS dose affects the extent of colonic inflammation which may also lead to different Th differentiation programs (13) . The results from this current study indicate that in the acute DSS-colitis model the Th cell cytokine profile is strictly Th1 polarizing. Therefore, we suggest that the IL-17 production in the DSS model is due to other cell types. Several studies have indicated IL-17 can be produced by CD8 ＋ T cells (14) , NKT cells (15, 16) , neutrophils (17) and paneth cells (18) . Recent studies have shown that the colonic lamina propria γ/δ T cells can also be a source of IL-17 producing cells (8, 19 ). We did not find an increase in CD3 In Crohn's disease, the cytokine makeup is considered to be skewed toward the Th1/Th17 profile whereas in ulcerative colitis Th2 profile dominates. Therefore, our data suggests that although the murine DSS model histopathologically mimics ulcerative colitis the Th response is not Th2. Additionally, the Th1/Th17 response observed in human Crohn's disease was also not mirrored in the murine DSS-colitis model. The results from this current study raise a cautionary note when extrapolating results from murine DSS studies to human IBD.
Our flow cytometric results suggest that the Th response is skewed toward the Th1 profile in our DSS model. However, supplemental experiments examining mRNA levels of the cytokine genes IFN-γ, IL-4 and IL-17 by real-time PCR would provide a further validation for our conclusion. Similarly, examining expression levels of the Th cell promoting transcription factors T-bet (Th1), GATA-3 (Th2) and ROR-γ (Th17) from lamina propria CD3 ＋
CD4
＋ sorted cells should provide a more comprehensive and definitive answer.
In conclusion, we provide evidence suggesting that in the murine model of acute DSS-colitis the colonic T cells are polarized to a Th1 profile and not a Th17 profile.
